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Introduction

Despite improvements in implant technology and a 
better understanding of the reasons for total hip ar-
throplasty (THA) failure, revision THA remains a bur-
den in orthopedic practice. Periprosthetic joint infec-
tion (PJI) is one of the leading causes of THA revision 
with prolonged hospitalization and high medical costs 
(1). Overall, PJI occurs in 0.6%-2% of THA surgeries 
performed worldwide, and PJI consists of nearly 14% 
of all revision cases (2-4). The infection rates after re-
vision cases due to aseptic loosening, periprosthetic 
fractures, or dislocations are even higher than those 
of primary THA operations (5). 

Antibiotic prophylaxis is a keystone for preventing 
PJI. A strong consensus for the use of vancomycin pro-
phylaxis in patients with hypersensitivity to penicil-
lin/cephalosporins or in orthopedic centers with high 
rates of MRSA was described by the 2nd International 

Consensus Meeting on Musculoskeletal Infection in 
2018 (6). It is well known that due to the short elim-
ination time of most penicillin/cephalosporin group 
antibiotics, repetitive intraoperative dosages are need-
ed, especially in long-lasting cases such as revision 
surgeries. 

Vancomycin has a relatively short (3-6 h) elimina-
tion time in patients with normal kidney function, 
similar to penicillin/cephalosporin group antibiotics 
(7). Thus, the minimum effective serum level may 
not be maintained with a single prophylactic dosage 
in long-lasting surgeries or in the presence of exces-
sive blood loss, using theoretically similar penicillin/
cephalosporin group antibiotics (8). Despite general 
suggestions from the literature about prophylactic 
antibiotics, there are no studies that show how the se-
rum concentration of vancomycin changes after ma-
jor orthopedic procedures with major blood loss and 
excessive fluid replacement until the repeat dose 12 
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ABSTRACT

Objective: The aims of this study were (1) to investigate the changes in the serum concentration of prophylactically administrated van-
comycin in the perioperative period of revision hip arthroplasty in penicillin/cephalosporin-allergic patients, (2) to assess whether the 
postoperative re-administration of vancomycin is needed, and (3) to determine the relationships of vancomycin serum concentration with 
blood loss, body weight, and fluid replacement in such patients.

Methods: This study consisted of 29 patients (20 females, 9 males; mean age=63.3 years; age range=45-79 years) with a history of penicillin/
cephalosporin allergy undergoing revision hip arthroplasty secondary to aseptic loosening or periprosthetic fractures.  Serum vancomycin 
levels were measured (1) before administration of vancomycin, (2) at the time of skin incision, (3) every 1,5 hours thereafter until the end 
of the operation, (4) during the skin closure, and (5) after three and 12 hours from the initial dosage. Data regarding body weight, amounts 
of intraoperative blood loss, fluid and blood replacements and postoperative wound drainage were recorded.

Results: The average blood loss, fluid replacement, and drain volume were 1280.3±575.8 (500-2700) mL, 2922.6±768.8 (1700-4600) mL, 
and 480.2±163.7 (200-850) mL, respectively. The mean levels of serum vancomycin were 46.3±21.8 (14.1-80.7) mg/L at the time of skin 
incision, 17.9±4.7 (9.4-30.9) and 9.8±2.2 (4.3-13.8) mg/L after 1.5 and 3 hours from the beginning of the surgery and 5.1±1.1 (2.9-6.8)mg/L 
after 12th hour postoperatively. The measured vancomycin levels were below the effective serum concentrations (< 5 mg/L) for 18 pa-
tients at 12 hours the administration of the first dose.  A moderate level negative correlation between the blood loss/body weight ratio and 
vancomycin levels was found (p=0.004, r=-0.493).  Predictive ROC curve analysis resulted in determining a blood loss volume higher than 
1150 ml and a blood loss/body weight ratio higher than 18,5 is significant to estimate the vancomycin level below the minimum effective 
serum level at 12th hour postoperatively (AUC=0.793±0.16, p=0.009, AUC=0.753) 26±0.12, p=0.025, respectively).

Conclusion: Evidence from this study has indicated vancomycin concentration at 12th hour is below the effective level in most patients. 
Thus, earlier repetitive infusion of vancomycin seems to be necessary in penicillin/cephalosporin-allergic patients undergoing revision 
hip arthroplasty, especially in those with high blood loss.

Level of Evidence: Level III, Therapeutic Study
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h later. We investigated changes in the serum concentration of pro-
phylactically administered vancomycin, the need for postoperative 
re-administration, and its relationship with blood loss, body weight, 
and fluid replacement, in patients who underwent revision hip ar-
throplasty.

Materials and Methods

After ethics committee approval from our institution, we prospec-
tively evaluated 29 patients (20 women, 9 men) who underwent 
revision hip arthroplasty due to aseptic loosening or periprosthetic 
fracture between 2007 and 2012. All patients had a history of aller-
gic symptoms to penicillin/cephalosporin group antibiotics. Patients 
who were known to be allergic to glycopeptides; had denied giving 
informed consent; had preoperative elevated liver function (AST > 
40 U/L, ALT > 45 U/L) or renal function tests (GFR<60, creatinine 
> 1.2) that indicated hepatorenal dysfunction; were thought to have 
clinical signs (tenderness, increase of temperature, edema, redness); 
had laboratory (elevated ESR > 25 mm/h, CRP > 0.8 mg/mL) or his-
tological (frozen section) signs of infected arthroplasty; and/or had 
tissue culture positive were excluded from the study. The prophy-
lactic vancomycin dose was weight-based, and a dose of 15 mg/kg in 
100 mL of saline was intravenously infused over 60 minutes before 
the skin incision (9). The minimum effective serum vancomycin level 
was determined to be 5 mg/L (10, 11). Serum vancomycin levels were 
measured via blood taken in the following order: 1. Before adminis-
tration of vancomycin, 2. At the time of skin incision, 3. Every 1, 5 h 
thereafter until the end of the operation, 4. During skin closure, and 
5, 3 and 12 h after the initial dosage. The intraoperative blood loss, 
fluid and blood replacements, and postoperative wound drainage 
were measured and recorded. Intraoperative blood loss was deter-
mined as the blood volume aspirated from the surgical site and the 
number of fully blood loaded sponges (10-20 mL per sponge). Surgery 
times and body weights of the patients were noted.

Statistical analysis
Mann-Whitney U test and ROC curve regression analysis were used 
to analyze the relationship between postoperative vancomycin levels 
and blood loss. Pearson’s correlation test was used to determine the 
correlation between vancomycin and blood loss/body weight ratio. 
IBM Statistical Package for Social Sciences version 23.0 (IBM SPSS 
Corp.; Armonk, NY, USA) was used for statistical analysis.

Results

The mean age of the 29 patients was 63.3±9.6 (45-79) years. The av-
erage intraoperative blood loss, fluid replacement, and drain volume 
were 1280.3±575.8 (500-2700) mL, 2922.6±768.8 (1700-4600) mL, and 
480.2±163.7 (200-850) mL, respectively. The mean serum vancomycin 
levels were 46.3±21.8 (14.1-80.7) mg/L at the time of skin incision, 
17.9±4.7 (9.4-30.9) and 9.8±2.2 (4.3-13.8) mg/L after 1.5 and 3 h from 
the beginning of the surgery and 5.1±1.1 (2.9-6.8) mg/L after 12 h 
postoperatively (Figure 1). All patients had higher serum vancomycin 

concentrations than the minimum effective serum level until 3 h after 
the beginning of the surgery. However, we observed concentrations 
lower than the minimum effective serum level (< 5 mg/L) in 18 pa-
tients (62.1%) at 12 h postoperatively (mean: 4.0±0.6). The remaining 
11 patients had higher vancomycin levels (> 5 mg/L) (mean: 5.8±0.6). 
The blood loss and body weight data of all patients are listed in Table 
1. We found a statistical difference in intraoperative blood loss be-
tween patients with low and high vancomycin concentrations at 12 h 
(p=0.008) and a moderate negative correlation between the blood loss/
body weight ratio and vancomycin levels (p=0.004, r=- 0.493). There 
was also a statistically significant difference between the blood loss/
body weight ratios of patients with low and high vancomycin con-
centrations (19.6±7.2 vs. 13.5±4.0, respectively, p=0.016). Predictive 
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Figure 1. Time-dependent mean vancomycin concentrations
MESL: Minimum effective serum level

Table 1. Ratio of blood losses and body weights of all patients and Vancomycin 
levels at 12th hour

Patient No.
Blood Loss 

(mL)
Body Weight 

(kg)
Blood Loss / 
Body Weight

12th Hour 
Vancomycin Level 

(mg/L)

1 2700 85 31 2,85

2 1700 65 26 3,03

3 900 63 14 3,39

4 800 58 13 3,53

5 1500 74 20 3,57

6 1400 79 17 3,61

7 1300 67 19 3,81

8 2500 85 29 3,86

9 2300 82 28 3,91

10 900 66 13 3,91

11 1800 80 22 4,19

12 1300 60 21 4,39

13 700 68 10 4,55

14 950 69 13 4,57

15 1300 77 16 4,63

16 1280 62 20 4,79

17 800 84 9 4,91

18 2400 73 32 4,97

19 1350 77 17 5,08

20 1000 69 14 5,11

21 1400 80 17 5,28

22 1300 65 20 5,40

23 650 63 10 5,61

24 750 72 10 5,79

25 700 55 12 5,79

26 1200 64 18 6,04

27 500 64 7 6,41

28 800 70 11 6,57

29 900 65 13 6,96

• Redosage time of prophylactically administered vancomycin in case of exces-
sive blood loss or prolonged  major orthopedic operations is controversial.

• Weight-based administration of vancomycin must be considered for all pa-
tients.

• According to our findings, we practically suggest that repetative dosage of 
vancomycin at 12 h should be made 2-3 hours earlier in patients with >1150 
mL blood loss and >18.5 blood loss/body weight ratio to maintain minimum 
effective serum level of vancomycin.

H I G H L I G H T S



ROC curve analysis revealed that blood loss volume greater than 1150 
mL, and blood loss/body weight ratio more than 18.5 was significant 
for estimating vancomycin levels below the minimum effective serum 
level at 12 h postoperatively (AUC=0.793±0.16, p=0.009, AUC=0.753 
± 0.12, p=0.025, respectively).

The surgery times of the patients with a lower vancomycin concentra-
tion than the minimum effective serum level were longer than those 
of patients with a higher vancomycin concentration (148.9±23.2 vs. 
131.7±18.5 minutes, respectively, p=0.15); however, the difference 
was not statistically significant. Other variables between the groups 
(fluid replacement and drain volume) were also not statistically sig-
nificant (p>0.05) (Table 2).

Discussion

PJI remains a major cause of THA revision. An analysis of the major 
causes of THA revisions in the USA showed that the ratio of PJI-relat-
ed revisions remained constant between 2007 and 2013. The number 
of patients who suffered from PJI increased 23%, indicating that more 
primary THA operations are being performed (3). Therefore, appro-
priate antibiotic prophylaxis is important for avoiding the economic 
and psychological burden of PJI-related THA revisions. This is the 
first study to report the inadequacy of routine vancomycin prophy-
laxis until administration of the repetitive dose 12 h after the initial 
administration in major orthopedic procedures with high blood loss.

Vancomycin is a routinely used prophylactic antibiotic for patients 
who have a history of allergic reactions to penicillin/cephalosporin 
group antibiotics and during major surgical procedures at institu-
tions with a high rate of infections caused by MRSA, or even for lo-
cal prophylaxis in some orthopedic interventions (6, 12, 13). Despite 
the previous reports that a single dose of vancomycin was sufficient 
for effective therapeutic levels up to 20 h in total knee arthroplasty 
patients, the routine redosing period of vancomycin is 12 h postop-
eratively (14). According to the 2017 Guidelines for the Prevention 
of Surgical Site Infection published by the Centers for Disease Con-
trol and Prevention (CDC), redosing of antimicrobial prophylaxis 
with penicillin/cephalosporin group antibiotics is recommended if 
the surgery lasts more than 3-4 h or a major blood loss exists (9). Al-
though Meter et al. did not suggest re-administration of cephazolin 
in less than 4-h intervals, even with a blood loss of 2000 mL in THA 
patients, other authors such as Swoboda et al. have suggested a redos-
ing before the planned redosing time if there is more than 1500 mL 
of blood loss in a study performed with 11 patients who underwent 
spinal instrumentation (8, 15). 

Our results revealed that routine antibiotic prophylaxis with van-
comycin in major orthopedic procedures requires a more serious 
approach. Resistant strains (e.g., MRSA) can rapidly grow in envi-
ronments with an inadequate dosing of antibiotic prophylaxis (16). 
In order to prevent underdosage, Catanzano et al. pointed out that 
weight-related dose adjustment is necessary in vancomycin prophy-
laxis and patient-related factors (such as weight, age, and sex) should 
be considered when determining adequate dosage (17). In a retro-
spective study by Kheir et al., adequately dosed patients with vanco-
mycin did not develop PJI with MRSA in contrast to higher rates of 

PJI in underdosed patients. They also found that 64% of the patients 
in the study group were underdosed due to inadequate dosing with-
out weight-based dose adjustment (18). According to our results, even 
with weight-based dose adjustment, the minimum effective serum 
level might not be maintained until the next routine dose of vanco-
mycin prophylaxis in major orthopedic procedures with high blood 
loss. More than half of the patients in our study (18 patients, 62.1%) 
were below the minimum effective serum level at 12 h postoperative-
ly. A negative correlation was found between vancomycin levels and 
blood loss/body weight ratio, indicating that, along with blood loss 
volume alone, a greater blood loss per kg is meaningful. Considering 
these two parameters, we suggest more caution in patients with high 
volume of blood loss (>1150 mL) and high blood loss/body weight 
ratio (>18.5). The surgery times of the patients with lower concen-
tration than the minimum effective serum level at 12 h were higher 
than those of the patients with higher concentrations (148.9±23.2 vs. 
131.7±18.5 min); however, the difference was not statistically differ-
ent. We think that this insignificant difference was due to the small 
number of patients in our study, but suggest caution about the vanco-
mycin levels in patients with longer operation durations. 

Drainage volumes and administered fluid volumes were nearly equal 
in both groups. We did not consider those factors when comparing 
the two groups. However, fluid administration in postoperative pa-
tients is important for both vital functions and pharmacodynamics. 
Insufficient fluid therapy can result in diminished renal function and 
reduce the clearance of vancomycin and increase its serum levels 
and nephrotoxicity. Conversely, excessive fluid therapy can result 
in decreased antibiotic concentration and hypervolemia. To avoid 
acid-base disturbance, Ringer’s lactate, normal saline solutions, and 
erythrocyte suspensions were used together during intra- and postop-
erative patient care (19-21). 

We did not observe any adverse effects of vancomycin, such as 
nephrotoxicity or allergic reactions, in any of our patients in the 
short-term follow-up. One of the main limitations of our study was 
the absence of long-term follow-up. However, our main goal was to 
evaluate serum vancomycin levels postoperatively. We also did not 
assess whether any patient experienced PJI in the long term, especial-
ly those with low serum vancomycin levels. 

In this study, we wanted to draw attention to the possible insuffi-
ciency of prophylactic vancomycin dosage in penicillin/cephalospo-
rin-sensitive revision hip arthroplasty patients with high blood loss or 
high blood loss/body weight ratio. Even after a weight-based admin-
istration of vancomycin prophylaxis, adequate serum levels may not 
be maintained prior to the succeeding dose 12 h postoperatively. As 
such, we suggest obtaining serum levels of vancomycin to determine 
earlier repetitive dose requirements in all major orthopedic proce-
dures with high blood loss or blood loss/body weight ratio.
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Table 2. Comparisons of blood losses, fluid replacements, drain volumes and surgery times between two different vancomycin blood level groups

Blood Level at 12th hour (mg/L) Number of patients
Mean Intraoperative  

Blood Loss (mL)*
Mean Adm.  
Fluid (mL)** Mean Drainage (mL) Surgery Time (min)

< 5 mg/L 18 1476 3050 492 148.9 

> 5 mg/L 11 959 2840 470 131.7 

Overall mean 29 1280 2923 480 142.4 
*p<0.05, **includes fluid and blood replacements until 12th hour postoperatively, Adm: Administered
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